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Lhe voek weberids composing. the Oligbcint ol western
Washington are almost entively of marine sedimentary origin.
Laterbedded lavas and bt are absent exeept on the north side
of Columbin River i Pacific Connty. The selimentary rocks
eotsist of shutles aied sandy shales bogether with munod amonnts
af sandstones and conglomerates. A nnerosenpie examination
of these materinds shows them to be m part devived From older
toweotis vorks, . A& conslibevable gquantiby of ash s prosent bat
alwave mived with chavey padeinl,. The souree ol the totle
Fraceous materials was proswmably from voleanic sonvees o the
Uiseades or enstearn. Woshineton, . In socthern Wabkiakow
Conaly andesibie flows were being deposited an o marine embaye
mvnts pear the shore. | BEvidencs for Bhis 1 b be fapnd e dhe
seebions esposod alonge the eanvon o Nawl River

The canplomerates geenvring within the Osocone of S
attle and at the entrance to the Bremerton Nuvy Yard arc
made up of pebbles vanging from the size of @ pea to a fool
ar more an dhameter.. They are vouded and walerworn and
composed i part of andesite and basalt and in part of sand-
stones and shaled oeenrring within the fornation.  Pubbles made
of quartzite and granite or diovite are yory rape.

At the western ond of Cape Flattery there are enormous
bielks of canglomerate o which the boulders are aiten sver foun
fect i diameter. Commondy they are angular and only par-
Hally waterworn. They ave in ot composed of rocks which
are nob known bo scour witlun the Olvinpe Penenln but which
do veeur an Vancouver Isband.  The most common are quartz-
ites slate sehist and inbrasive diorites and gabbros,

SERATIORAIIY,

The more detailed facts concerning the steabtioraphy are
given i the deseription of Ehe different disteicks i wlueh the
Ohgocene deposits ocenr. 1 is not alwavs possible to detor-
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mine m the different sections just where the houndaries should

be diwn Between the thivee Baanad sones or hovivons,

In the viemity of Lineoln Creek, west of Centralia, massive
sandy shales outerop along the south bank of Chehinlis River.

Very good exposures have bean made m the euts of the O.-W.
R. R. & N, Co. The beds are dipping at a very low angle to
the west and southwest.  Interbedded with the sandy shales are
narrow bands of clay shale, Often the sandy shales grade mto
a shaly sandstone.  To the north of Chehalis River Eocene
sandstones outerop at Grand Mound. The Oligocenc heds at

Lincoln Creek rest upon the Foeene sandstones but the contact

relations are obseure.  Presumably they are nuneonformable.
The tokal thickness of the lower Oligocone strata o the L
caln Creck section s near LOOU fect

In the repion whvre Porter Ureek Jomns Chebalis River, ioar

the town of Paorter, the botal thickness of the Olizocene sodi-

ments s about 2,000 fect. The scetion vepresents the shiles
and shaly sandstones exposed from the base of the section three
uiles north of Porter to the center of the syaeline thvee miles
west of Porter. Lhese strata contain a tauna which bas been
designated as the Tureitella porterensis Zone, It ds possibile
thait the lower 500 fect of the seetion may belong to the Lin
eoln Horizon or Molopopherous Lhucolneusis Zone

In the Puget Bound vegion o section has hieen coustrueted
atb the entrance to the Bremerton Navy Yard,  The distriet i
vabved may be veforved to on Plate X X1V, The sbeata s
entively of sedimentary orighn. The Focene busalts upon which
the Oligocence sediments yest are exposed bwo niles southwest
of Bremerton, on the west shore of Binelnir lulet.  The contact
hutween the basalt and the base of the Oligocene is covered with
deposits of glacial drft. The lowermost beds ocenr ot Orchand

Pommt.  The upper heds euterop on the north side of Blakeley
Harbor. The total measural thickness of the Oligocens i this

section is approximately B.900 fect.
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Top ol Readion ot

O MsReive canso adned donglominnie standstoness ioentaining uniie

sie dentientar s ol conglomarate o Ovasianal parios - hials oF
elad dhmle e bideshedded: b castwaird deniiation of e fon

slamierpes apste o e boteveps Gr Blakeley Hocko Thie beds pers
SANEORER i e Tl Gl an a vy sEag wnlen and exenid s ain

crapg Trotn the north shiore of el Harhor nothwanl for Lot

Fo i ; . : L

VI Sty bl axposd Db b owaees ol BliReloy et e o Lo

Frowaah sy ey o shiehn e ol shinles s expiail alone Tl

somthoshoen wl Blakabey dlgrbor for i distance of one halt il nonhe
westerle Five hunded Dot soeatirapbically b the beds

posed ot festasating Daint ds abexeclionr fossdb Joealing.. | oovs 2

CHshale sandstanss geding i plaves Tito nosandy shale. - Bedding planvs

sometimes woll detimed. The dopoof ihils member Is sitnated st Resbird-

thon Peinb oo oo ool Solun
(B shale sandstone svadually bevoming tore saidy i deptl Bedding

L 5
Gl Mssive sy shagdess ) Beddine cplunis dIsBImn oo i s sy Han

e Mepstaivee brownisle erav coddse grainad conglomeratie spaulstones e
ioibdead winh ol ol doarsi  conglinmesies s Mang Gt e peddides od the

vanelat e wee senpiosal a Basa b el Sl Eshig

Total Ahlebness Coivaaaas b T

The above deseribed beds adso oeetie in padt in the exposures

s

within the City of Seattle anmd o the Neweastle Hills. Foss

ave fairly abundant o these steata and belong to the Aeils

wettyshurpensis Zone,

One of the most camplete seetions within the state oeeurs

wt Cape Flattery saod alone the Strait of Juan de Fuea Ape

proximately 15000 feat of Oligocene sediments have been des

sosited,  Phe basal beds oare Taveoly shales which have heen
£

hadle contorted in places.  Above these dre ninssive vuuglm‘n-»

erates forning the point of the eape. The upper part of the

soetion s somposed of alternating shales and sandstones. "The

detail of this avea nimy beosesn o Plate XV I

The fullowing seebion s hvelved in Cape Flattery hetwern

the basal beds st Wandeh Slough and the upper heds as oo

posed: between Neals Bayv and Sekin Rives

Pop of Cape Flaliery - Boclinn vl
M s R L
Rlehe bk mest by vavepsb oo e i G
AMassivee wmmlstone o0 DL DDETshen iy S
Shale bt anestly Sameeabinal s Do ee e L
Mussive sammlaone Con o e e s S
Cansealal coioaan o on . SO
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CONITHTIONE DF DRl iaN,

Fhe Uligocene depusits ol western Washigton mere one
tircly laad down o marine aabavisents. The chiaracter of
Enieis as well as the Hihology of the sediments sndienlos dopo-
sition o mederately deep water, Do the Ohigosene the
Cascade Mountains were not dn existence. . Their present e
was A land s sceupied gt By sl Deedl waber ek
Voleante acbivity was more or less continuously taking place anld
e Her aslios may bave o part beon carmed by the winds and
rappid mothe marvime waters o bhe west. Uhe northern Cns
ades were possibly muoeh higher in elevation than the ke
region of the central and southern Cascdes.  Presunmbly this
region was being deained 1o the embayinonts of the oeean by
stremms heading in British Colunhin o in eastern Washing
tone A consuderable part ol the sediments whieh forms the
marine Ohgocene deposits may have been devived fram this aren
and have been transported westerly by stroam action,

-
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he Glempie Mounbanes awd Yancouver Bilamd s probe
nhl}' Toed e The [H}'l!!;)i{‘ﬂ were ub loast T Lok Jower
i elevation than of prosent as mariie depodils oeewr ot that
wlevation whore the wagen voud Trom Ulallam Bax o Porks
trgssis the wain divide. Presumabiy the veidon Bl been patliv
]"l‘fiuf‘{'d b pl‘]]!‘}ll?l;n fh"“;u;ﬁ: ‘ti}t‘ c‘r{‘t:‘lf‘l‘ﬂ“i ?L]!d }E!H‘f‘"l' HH{]
divnie the Olipovene Hhe stoud of duan de Foea was depressad
allowing marine sodinienis to Tovm upon e subnnerged bordors
of the peneplain.

Lhere are isulliciend cxposures to e Olisosone sedionds
Fo deternune definitely the snevessive exbent ol the seas or enp
bavments dunme the epoch,. Sediments conbaining the Aal
getlysborgons = Zone an mneh iore widely lisbributed and an
sieh Hacker than those ol the two lower zones  Apparontly
Hhore was o partind witinlowal of the seas b 1he elose ol e
Faovene sk ues bivasion ad b opoiig of the Ohgovene, The
anbayments o owhieh the Bioeoln md Portoe lovizons were (e

sosibed wore pestrictad i aven and posiibiby did ool cover B

Mgt o Sound Basine arens . Duriig the upper Ubpovens e
Farer pait ol wesborn Washineton west of the fosthills of e
Caseides was covered with the waters of Hie occan. There mag
pessiiy bave boon oo low land area comneching the {asoniles
with the Glympies i Pwree and southern Ritsap countios,
This problet is still unsolvad,

AL Hie close of e Ohoncine there was s oo oser
a bivge pavtion of westorn Woashineton and all of the Puga
Rote Masin boewne w Baad aven. . Dnbasieents wore sl iy
axibenes fo the SEeadl of Juae de Faea resion as well as
sotithwestorn Washimoton,

Fuar pairposes of detaibal deseription wistery Wadhinulon
miay be divided fito several provmecs. The following divisions

,
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e S S S S S .

KING COUNTY-RESTORATION POINT AHEA

Gt sTRIBU IO,

Phere is a prominent spur of the Caseade Mountains in

King County between Snoyualpue and Green nivers which ex

bends westerly to Lake Washington. It erosses Pugel Sound

Basit in part as a sub-glacial and i part as a subwarine

&

ridoe.  The roeks forming the ridge are of Eocene and Ohgo-

cene nge. Within the Puget Sound Basin they are exposed in

Lssaquah Mountain, Neweastle Hills, the low lills of South Se

ittle and Alki Point, the low roek ¢hiffs ab the entranee to the

-
-

Bremerton Navy Yard, the Bald Hills of eentral Kitsap County

ad the Foothills of the Olviipie Mountains hetween the Dueka

baste and Quileone rivers L he geonter portion ol s ondes

i huried Benoath an snornons deposit of glacial dnft

A he vore wind south Hank of the rdes and spir e oo

pused chietly of Bocene favas amd sedimentary vorks. . e

oarth fhink ds in part conposad of Olicocine sedientary poeks

Tlhe st easterly Oligovine axposures ocvnr on e eashorn

sl of Lake Sammponishy in Seetion 160 Pownship 28 Novtl

Range 6 East in the side of o oanall eveck Outernps abo ap

pear b dowainge vond cubs and sl eanvons o the ddvade

hitwern Coal Creek and Lake sanmomnish, Favthoe wild

Hiere are expostires south of Wicklunds vast of Moeveer Slongds

The s vocks are well developed around the shores of Badey

Poannsila sand feome Hat o poind seuthward 1o Raonwey Beacl o

the west snbioal Labke Washinotow Sunther exposaves of He

suipe fornitbion bave boon aide o e shieel evenvations ol

Columbin City, Seath Seattle and Georgelown . A ALk Point

Oligocene sandstones sund shadis veenr tilbed abmast vortically

ol o o wevoie Boveier abond 15 et above s hivel

Phe vocks are exposad along the beaeh for o dlistaner of ape

g

1.50 '
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south end of the Quimper Peninsula,  East of Fverctt and

skl of Boohoinsh, ot Fiddier Bl shales amd sandstones of

s o

Oligoeene age are exposed i the vadroad and wagon vosd euts.

Fhe surface Tormations on all sides of Fhese suterops Tor nmny

niiles are composed entively of glacial drift.

STHATIGRALLHD

The most complete seetion of the Oligoeene deposits withi

the Puget Sound Basin is to be found ab the catrance to the

Bremerton Navy Yard, One generalized section has already

been deseribed in the gencral diseussion of the Oligocene of

western Washington.  This section was construeted along the

e B-1Y, Phae 1Y

The westerly continuation of the sbrata as exposed i see-

Bon BB reappenr in the evoss section Ao The upper buds

exposeid at Point Glover appeny to e the equivalent ol the

bends o nignber L0} 60 the seetion BB The extrome vpper

portion of wmehier () as exposed at Cheehard Point is the

westerly contmuation of - the purvow conglomeratic lavers oo

curring enst of Bean Poink owe the south end of Bawbrdee

Laland, The eonglomorates outeropping at Qiery. Pomd aw

e equivalent of those exposed sl Middle Point. From Middle

Paint the same beds cvoss Hieh Passage and apponr i the

cliffs at Fort Ward op the south shore of Bainhridee idand

e Hw}; beeome less comprlametabic: amd more saomly h

Restoration Point they ave the squivalent of the apper portion

of memwber (D). The shales and sandstones exposed between

Point Glover and Muddle Point e covedlated with the sandy

shales m member (O} The conglomerates in mauber LAY and

the shales i member (B) do not appear on the south side o

Rieh Passape, 1t s possibile that the conglomurativ sundstones

and interbedded shales exposed near Tracyton and Phinney

Point are the equivalent of mewmbers (&) and (B The fol

lowing strabigraplue section has been measured helween the

basal beds at Ovehard Pomnt and the logher heds exposed ot

ot Glover:
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In othor portions of the Puget Sound aven only partial see
Hons can be measured.  The northern and central parts of
Sauttle arc composed entively of deposits of glacial deift of
wreal thickness.  The southern portion of the ety 15 in part
built apon bed roek formations of Oligocene age. A thin laver
af deift o5 mamtled over mueh of this. Over 1000 foot of sand
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stones and shales outerop in the eastern wall of Duwanish Val

ey Botween Brandon Steeet and Georgetown.  To the north

the bed voek surfaee passes rapidly bhelow sen level and s cov-

ered with ovip 800 foot of defts Po the south of Georgetown

hedroek does not renppenr for a distanee of cight miles. Some-

where within this interval the contact between the Oligocene

amd’ Boeene Tormitions lies buried

One mile south of Georgetown, at South Park, on the west

< of Duwanish River, three small rounded hills of sandstone

and shale project through the alluvial covered floor of Du-

wamish Valley.  These exposures together with those at Du-

wamish Station and Georgetown indieate that Oligocene hed-

roek exposures doonot exist very deep below the Hooe of the

valley.

Tie the street cuts of Colinnbin City, in Sonth Seadtle shales

and saudstones nee eyvposed having s mesured thickiess of

aver SO0 feet. A sioilae section existe to bhe oast o Hhe

Bailew Pendnsula where the deposits are in pord composed of

vongdomerntes.. The steata vuteropping in bath of these o

valibtios are the castern extension of those exposed wt Goorges

Lo as well s ab the entrance to the Bremerion Nave Yanl

BRI L I T

Lo the discussion ol Hie Focene formations i King Counly

w predominating antelinal stroctore was dosevibed s tranding

cast aid west theoueh South Seabtle. Uhe eore aond sonth

flank was deseribiad a8 being composed of favas and Foeone

suhimentseThe north flank of the antichve 15 i park made

up ol Ohgoeene sandstones wind shades whiell bive qust heen

dtrm'l‘ﬂm 1.

Che prinepal straeture consisbs of o predominating st

wmal axys referred to i this veport as the Neweastle antichial
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miba the Neweastle Hille  The Boeone huas formmge Hie gore

of the antichng outerop an the eustern shore of Lake Washe

migbon south of the outh of Leal Ureek. Mereor Bibund and

w dnrge portion of the hidls south of Colunbin i‘fi}; e

prosed mostly ol elaciad deposits. The pebiadih posibion of fle

antielinal avig has been aolrwn wpan the map, Plate 1V, from

the sbvictuval cvidency slBordid by Bl ooenrremee ol Ol

vere oshalos and smpdstones e Cosnbos e and Hhie Basler

Paontnsula

Oligocene sdinnts are ol koown to oevir on the south

dank of the Noweastle anbieline. 18 b possble that thin iy

sl o bime baove oxtonidold nueh Dby e the sonbh s bave

bber o demoned By ovenn o the aeiamal sheae B g

e B ot G south of Hie peesent BoeoneUliposone dmp

Laed. CLhie westoriy conbinuabion of the antichnad struclure ue

curs e bhie Badd BUH of Kitdap Camity whore ik g be e

(o

Tl Uigoeene sedimients e the novth ok of the antieline

v oo somewbad wrkied and developed loto siner Bolide

e e of sueh falds Bave bien bnsavted o Plate 1V

A beoaed s vnelinal fold wibh tbs s piteling o bhe porth

bas Been Jormed 1 the peoion of Lake Sammumash, . s nose

vooabiaiih B nakes soudh ot the lown ol basamgunh, [l slvatn

mivolved i its castern Bnb e sxposed to the cnst of Tsaagquab
ab Grpand Bided sl bo The iorth i seetion 13, Toawnship 94
North, Hunoe 6 Bast. They have o stk of Nosth 60 Tasd

amd dip To Hhie worthwest. The sandsbooes and dbabis Torning

the wastern b of the Told onterap i the viomity of the =y
porior voud wone on DiBbetEs C ek el wostorly b Caal Cunl
amed Nowesisthe  Observations faken in Hhe rack tonnds of the
Cond Gk mine and along Conl Criek give sBeikes danging
Frong Nosth S50 Weel o Nosth 05 West The dip varies
Prawt 40 1o 30 to the nortliast

A sceond synelinn] fold has been formed in the viemity of
Cotuibia Uity and South Scattle. s axis also pitehes nopth

orbv. Tl shreada ovolved i the aacloen b oiderop e e
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western portion of Columbia City and along the shores of the

Bailey Peninsula wherve the prevaling strike s North 70 Fast

and the dip 60 to the northwest,  The sandstones and shales

exposed within and to the west of Columbin City form the west-

ern limb and have a prevailing strike North 70 West and o

dip of 70 to the northeast.  The structural conditions at the

Bailey Peninsula and along Coal Creek cuggest the presence

of a winor antichnal fold in the near viematy of Mereer Isand,

A third synelinal fold Lies in Duwamish Valley. s castem

Lk

Pt

is composed of strata exposed in the hluff along the castern

side of Duwanish Valley from Brandon Street to Georgetown.

Bebween Beandon Street and the Archos Blower Tron Waoeks

the beds have o steike of Novth 25 Bast and w hp of 98 1o

the aorthwest, o the south iu the viciity of Georpelown

the strike is were nearly pocth and south South of George

Fown the steike 38 Novth 250 West and e dip 85 to the

southwest. Uhie nosc ol the fold 48 noue Dowaish Statn

The westorn b s Jormed of vock outerops w the Hiree hills

ab South Park and Alke Point. AL the Tarmer loeabity the

stitke 2 Novth 50 Wesd and b dip 500 to the northeast

Ty

Phie hills betwesn Duwannish Valley awmd Aduiivaldty Inbet ave

entirely composed of deposits of glacial diift.  The structural

conditions an Lo eastern side of Duwanish Vallev saul o Hie

wistern part of Columbin City indicate the existenve of o minoy

antichne i the vidge hetwoen

Excillent exposures of the Oligoesie stk occur on the

sauth shore of Bawbrulge Island as well s to the south on

the vppesite shoves The stroctural relations may be seen on

Plate XXIV. A wunor anticlinal fold securs bebwoen Poind

Glover and Middle Point on the seuth of Hich Passage. &

il the south end of Banbridge Island

White

nd B 1 Point Wh
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aceur as Far s Hhe west side of Hood Conal with the exeeption

af plaewl deitt
To the north of the aren deseribed in hoth King and Kitsap

countice no bedrock onterops ot e sivlace The Oligocene
formntions in the north flank of the Neweastle antichine, from
struetoeal eonditions pectrring ot the suefues, ngst extond very

e, Presimmbly there 05 g mdod svpchnal trough tranding
eist wnd west and clght or ten wiles fo the nerth of the surs

face exposures, Sueh a trough dovs exist between Port Dise
covery Bay and Quileane Bay i Jefferson County.  The strata
involved in the south flank of this brough are the wosterly con-
tinuation of those oxposed af the enbravee {o the Brenprton
Navy Yawdo These ou the north Hask are probably the squive
nwhent of doeposits which are }H*uﬁtmit'd oo evisl Tar helow soa
fevel in uertloen Kilsnp and Kimg countis,

Bebtwern Duwanish Sbation awd Reoton aid sasteriy to
Certnr River Tolds have heen forned bt ihe strata mvobved aee
of Borene aoe. 1t o6 poesible Bhat sl puthess ol Ulipooins
sedinenty poiy oxisl bt as vt they Bave nob been discovorad,

Fossil mrine overtebvates ave adedant aind fabele well
prosevvad in cortain localities in this arei. There is vory ittle
vabibion o the Faonas Trom Hhe upper 1o lower b They
sopresend the dcila petbyvshuraoishs done. - The Molopoplorous
Hncolnsnsis and Dareibella portorensis sones ave abisent or af
Toast hiive tof asovet beon reeoumizeld

QUIMPER PENISNSULA AHEA
GEARABIIG BISPRIBE SN
Fhe Guimper Peninsuls Fornis the exteome northeaster
Juiper Pentisuln Jormes. e extiome novthicastorn
Gorner of the Olviipie Pensida. The sifacs sxposures ey
most of this area consist of sands, elavs and pravels of glacial

ovigin,  Ab several loealitios along the shore sl in the sumldl

ol T

¥
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extends northwesterly across the peninsula to the south end of

Port Discovery Bay. They continue as a narrower helt from

the western shore of Port Discovery Bay to Sequing Bay, These

vocks constitute the core or axic of an anbichine whieh to the

cast in Kitsap Connty does not appenr at the supface.  Sand

stores and shales of Oligocene age rest apon both the nortle

eastern and southwestern Hanks.  The former outerop at the

water's edge along the shore of Oak Bay, Seow Bay, the south-

cen park of Port Townsend Bay and the nuddle shioves of Port

Discovery Bay. The latter are exposed ab the south end of

Port Discovery Bay and along the cuts of the Port Townsend

and Southern Railway as far as Quileenes The area between

Ehe radlroad and the contral core ol DBocene bvas s laegely

vovered with placial deift. Fo Hie seuthwest of Qhuleene Eacene

Bvas reappeay as the suidace eXposures where ol covered with

dvitt,  The contaets ws diwwn wpon Plide IV are jrovisional

sinee Bhey are i owest plivees concendad henoath deposits of

bt

sECH G s T R

A svnehinal and an antiehnal fold constibube the poadoninant

enetueal Feature of 1his aeen. . The appraxinate position of

thioambiehinad Told has been diseribed The svnchinnd folid s

to the sounthwest of the fovmor aad Brends Trom sonthenst bo

porthwest. The Brauoeh is Teain six boocight pales fnowidth but

farrows fron The sonthuast o povthivest Phe stratu oub

eropping along the railroad from Quileene to P'ort Townsend

Bay form ils seuthwestory b TPhe sandstones  anedshudos

cxposid from Crocker Lake to Fairnont on the shore of Port

Bhscovery Bay ave a parf of the novtheastern b This avne

cline is probably Hhe sorthwestors conbimuntion of the one an

Kitsap wid Bonge eonnties lving sorth of the Neweastle antic

elime aml bueted beneath anoonormons thickness of slacaddnft,

Hsion

”xM
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Bandstones and Conglemerates of Lower Miotono Age i Dvnoved Hast of
Strait of Judn de Foeas
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of Urocker Lake have exeellent exposures of shale and sand-

stomie. . They strike northeast and southwest and sevm o be

passing avound the nose of the syneline.

North of Hood Head parvtially stratified tuffs and inter-

cadated luvas arve dipping to the north at an agle of 28 . About

one mile north of Olele Point Oligocene shales wre resting upon

the lavas and dipping north at an agle of 8 . From that point

to the south end of Port Townsend Bay shales with alternating

heds of sandstone have an average angle of dip to the north

of 15 . Along the shores of the southern end of Port Town-

send Bay and Scow Bay the sedimentary rocks are iterhedded

shales il sandstones

Ou the eastern shores of Port Discovery Bay gray swud

staties outerop at the waker’s sdge just oorth of Weondman Sta

o Phey e vesting nearly fat bt o places ave shiahtly
W = @ o £

wndnlationg, . Muassive elay shales ave exposed on the oppasite

westarn shore of the bav.

Poorly preserved fossils oceur seattored through the steata
al different loealitios,  Phey are most abundant worth of Wood-

umn Station on Port Discovery Bav and oear the novih end of

ak Have ‘The speces are somewhat different from those in

the Acila gettvsburgensis Zone and seem o have closer aflin-

Bros with the Pueritelln porterensis and - Molopophorous Jin-

caliieiinis Bane

CAPE FLATTERY BTRALT OF JUAX DEFLOCA AREA

GLROGR AP IS RIBLTION,

The arew mvolved extenls from Port Crscent westorle to

Cape Flattery, o distance of fifty miles.  The belt is six fo

etorhit paides o widthe It forms the ot constal border of il

Olvinpie Peoiisula, “The suefuee exposires are almosk entively

composod ul"u‘l:t('iez] deift.  The Oligocon ﬂwk oulgrgps are

tan ¢ ore lime and th

AN R

Fout whove Hokw

Oligroeens, whivh has beon
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HWoprovisional U the eoast sonth of Uape Flatbere 08 can e

:

definitely established one wmile north of Portage Head, It oe
enrs e the falls on Hloko River i Seetion 28 Township 51
Norty Rapge 14 West, Bebweon Hoke River wwd the oconn

a detuiled searel las not been mondes The region 1s heavily

tiahered sl coveraid with plaviad gravelss. The vontuct erosas
the Forkstlnllon Bay wagon rond Just soulh of the divide

and continues westerly porth of Solduek River to Lake Crose

cent.  The hoe as drawn apon the map is only approxmate and
should not be aceepted s acounrate. Esposures of lava oceur
i bhe wason vord euts on the north wde of Lake Satheeland
iy Section 91, Fownship 80 Novth, Hange 8 Wed,  From Lake
Suthorland the contact brends novthwesterly and peache e

e

coast ab o point bwo mitles west of Port Urodeent,

LR STRUGCTTRE

Both the Obsocene and Bocene deposits on thie north shore
of the Dhvmpie Poninsnbe are dnvolved e w0 lorpe synelinnld
troweh the axis of which toonds Prom Lake Sutherlind nortl
westerly dieponally across the Steatt ol Jduan de Fuen, The
northeastors b of 36 s pepresenbod s g nareow fringe on
the opposite shore of VYaweouver Lland. The southuwestern
Tk bas just b deseribed as forming B porth border of the

ODlvipie Pesineyla. The sheabn nvalved within i are 19000
foet thick, 15,000 Teet of this anount consisting of shialis anid
satidstones of Oligoecne nues Above thise there are 3000 foct
of lower Miocene sandstanes and shales exposed on the shove of
the Steail of Jduan de Baes belwoen Posht nud Clallan Bay,
O bl sonthwestorn ok of Bhe anajor svoeline bon branee
verse ninor anticlinal and svnelinal folds have buen deseloped
hetween Creseent Bay and Cape Fluttery,  Theis average brond

i ahant North 180 Last. The nose of 4l

*‘ ': i A

e mngar ayneline
m " W i b0 8

@
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o the castorn lish bave an average sbeike of North 60 Wedd

aid dip o the sonthwest s gl pele of 18 TThe sheata ine

volved o the wistern lonh bhave o prevailing shvike o Naeth

T8 Mest wibh adip vanging from 13 o 45 do the northenst,

i e X‘xf*in;i}_; ol the pomt where e svnehnal axis cmerges ad
Pl Steat of v de Fuew ananbielinal sxas ala sieroes with
A beend Nodth 800 Fast The sbeati Tornung Hhe wostorn mb

af the antieline ave cxposed m the Blofls slonge Hhe shave for o

disbance fon omiles wesk of Gellyshurg. Phe ppevniling steihe

oNarth GO Bt and the dip 19 to 40 to the northwiet,

li thie Blufl dosd west of Tww Hover samiv shudes oceur

&

steiking yenrly oorth amd south with aqdip of 15 1o e west,

Fuvther to Hie wost the st exposures cunenuntersd are about

s and onechall moabes west ol Deep Lreok with 6 stnile of
Novth 30 Wost gl o dip of 300 1o the sonbleast. On the

Busis of it edidonce and oosninbonty of e sheabiviaphie soe

Bions s svnelinal bl B belioved to frand neaely paoeadlel Lo

Plap Biver. & snmldl andichne cvisds o and one lnll siles
sastool Poabit. From Poshit bo Clallin Bay the oxposures alongr
the shore of the slet are of lower Miveont npe

Frosi the mionbhoof Sehin Raver bo Gape Plallory the sbeala
sreenbivaly of Oligoerne apees - The struetirs s ey vonos

chin Phe sandstorncs and shades navalied o e moneeline

are i veabiby Bhe southwestorn Bnli of the magor svneline pres

sionshy desecihad, Observitions Taken o steike sl dip along
Ehe Clallaom Bay-Porks wagon rond for o disboeo of five wiles
Fean Clallon Bay pive i svirawe stdike of Novth 600 Wost
wid w dip of B0 ba the portheast, O Pashit Rivor By soekiog

28, Pownship 81 Novth, Range 18 Wea the sieike i Nacth
a5 Wesd and the dip 380 1o Hie sortlenst. Twa andes south

of this point they begin to appeiy aloig the wagon rond anl
combine to the mam divide.  In the wostern part of Section 26,
Pawnslap 31 North, Hange 12 Wesd, e steike of the dhals
vanges frow North 8 West o Narkl 80 Weet with o dip of

E5 0 bo bhe northenst Just somth i Seebion 35 e sbeike hee

(=

vamies Navblc 700 Wl s the dip B0 te the narthicasd
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Along the shores of Cape Flattery the strike varies from

North 707 West to Novth 8307 West with a eonstant dip o

the northeast ranging from 20 te 70 . At the extreme pomt

of the cape the dip is nearly flat in places and on Tatoosh

Psland the strike is North 800 East and the dip 20 to the

southeast.  South of the cape near the mouth of Soees River

the strata have an average strike of North 45 West with o

dip ranging from 20 to 80 . Observations taken w the ehffs

along Waateh Slough conform in general to those around the

shiores of the eape

Between Sooes River and Portage Head the Oligocene de-

posits are covered with Pleistocene sands and gravels, so that

the steneture eannot be determined. At Portage Head badly

altered. basalts of probabile Feocene age form prominent outs

erops. 1t is possible that s fault extends from the north end

of this head southeasterly along the muin divide. I so the

Lihroeene dupnmh iy hsve been dropped to Hie norbh a8 4

hlock. Betwoen Portuge Head and Point of the Arehes, Dligos

cene styatn outerop along the heach for a distance of thveo

mwiles. . They have been folded inte o swiclinal trough whose

axis frends Novth 450 West und antersects the const lmie

Scetion 19, Township 32 Nooth, Ranpge 15 West, The straba

formmug the north Bmb steike Novth 307 West and dip sl an

wgle of 65 to the southwest. Those in the south Tmb have o

strike of Novih W Wist anel dip 45 1o the povthesst - No

determintion lins been noude as Bohow T those tiposits ox-

temid to the southeast

Phie Oligocene deposits on the narth shores of the Strait of

Juan de Fues opposite Cape Flablery outerop al nbervals

fram Sooke Bay westerly o Carmanab Pointo Phev rest on-

eanformably upon Carboniferons i Mesozoie metamorphies

her with Eoeene lavas and tuffs

FAUNA.
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than to the Acila gettysburgensis Zone.  The shales oceurring

wlong the shore south from Cape Flattery are presumably of

the same horvizon, The exposures between Twin and Pysht cone

tain o fauna typical of the Acila gettyshurgensis Zone.  The

strata arve the equivalent of those in Kitsap and King counfies.

The fauna occurring in the shades and sandstones hetween

Sckin River and the extreme point of the Cape belong to the

sume zone,  The massive sandstones and shales exposed between

Pysht and Clallam contan a lower Miocene fauna.  The con-

tact relations between the lower Miocene and the Obigoeene at

Pysht and Clallam Bay are uncertain.  There appears to he

a fault contaet just cast of Pysht.  Preswmably the two forma-

tions are uneonformable. AL the bme when the maps aceoms

panying the report were made the strata contammg the Aala

gettvshurgensis Zone and the Tarritelln porterensis Zone were

thought by the writer to be lower Miovenes As o resulty they,

together with the Aven wontereyana Zone as exposed bolween

Pasht and Clallam Bay are inelnded dn the Ulallon foraadtion,

B the revised prouping the Aven monterevana Jove or lower

Miocune is not inelded within the Ulallany Tormation.  The

Cladam: fonustion as previousty defined & restricted to the

Higovene nmrine deposit

A List of the fuunas vecurring at the loealities along the

Straat of Juan de Fuea are given in the Faunal lists of the

Oligrocene on page 170

GHAYS HAHBOR AREA

GEOGRAPHIC TISTHIBUTION

The Oligoeene deposits of the Grays Harbhor arvea involve

approximately 600 square miles of territory. They lie in con-

tact with the overlying upper Miocene deposits and to the south

and wwti with the Te,

aeeur are ummﬁw deeply 4

tracing of contucts upon the surfuce becomes exceedingly dif-
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fieult.  The contucts us designuted upon Plate T arve only
approximate.  Observations were made on the different erveks

amed the positions of contact noted where possible.  Buech points
wore eonticcted by provisional contact lines, Large portions of

his avea are entirely devoid of sueface rock exposures but

wherever conditions warranted it the probable underlving bod

rock foruations were given the prefersee in mapping.  Where

it was impossible o ditenmdne the charaeter of the wndorlving

formations the surface gravels or sands were mmpped,

Beginning al Gravs Hiohor and passing southerly, the cone

fact of the ()]igm*m‘w shinles wnd sandsbones niy be seen on

North River i the northwestern covner of Township 13 Noeth,
Range 8 Wist. south of Hhis Joeality the exposares are oo

conlind o Phe conbuel vrosses “Viii&péi River ahout Imii'wa:f b

twoen Booth Beod and Raveonds Lo the north and south of
the ity of Bouth Bend basaltic vock appears o places which
are prestumably of Bocene age. Lo the south of Haywond a
survey was made up the south fork of Willapa River and the
contact deternnned as padicated vpon Plate L Several hasall
Hows are inferealated with shales. Fossils ave absout and e

upperinest beva flow wis chosen as the base of the Obigocens
forniations. . From Teap Creek the contael swings wore nenrly

st and follows Hhe foathills dhoud bwo nulos sondh of Hhe Sonth
Bend branch of the Northern Pacific Railway.  In Willapa
Hivie ab Holeomb Hhere ave basalbic bl and livas whose

stratigraphic position could not be defiatily dubermined. The

cantact wis drawn beo mides south of Holoouds on the basis of
finding a few speeies of Oligocene fossils on Trap Creek. A
conbuch was obsorved i the enbs of B viibeay just west of
Ploving stabon on bheodivide between e hosdwators of Wil
lnpa and Chehalis rivers.  From this point it seings northerly
as an drregular line and follows voughly the divide hetween

Chelinlis and North vivers. Tt passes the headwateors of Vesta,
Pronver and Markin cvecks on the sonthwest and Roek and
Cenrrnid evecks on U noctheast T8 confinues on bo Bl aertle

western side of Chehalis Yalley whieh i evosses near the june
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tion of Rock and Cedar erecks.  Thenee it extends northwest-

erly until it disappears heneath the drilt covered arens of Mason

County.

Basalt occurs along the divide between Fall River and Wil

son Creck in the northwest corner of Township 14 North, Range

6 West.  This has been mapped as Focene but may possibly

he a Mioecene flow. IF so 3t Bies 0 contaet with the Focene

hasalts to the east and cannot as yet be separated from them.

The north limits of the Oligoeene deposits Lie in close proximity

to Chehabs River. The contact erosses vast of the town ol

Montesano and swings past Bitter Creck and Wynoochee River

i the north central part of Township 18 North, Range 8 West,

West of thix place 1E furns soull oaml evossis Clehadis River

east of Cosmopalis

The strata oceurring i the south balves of Township |

e

North, Ranges 7 and 8 West are o part Jower Mwcene. On

Plute 111 it is neluded with the Clallam forwation.  Insutfieient

wfornabion s oavaalable to deterne s aveal hinits

GROLOGIC STRUCTURE

Phe Oligocene depuosits of the Gravs Harbor arca have heen

folded into a series of nearly parallel antichues and syachnes

trending approximately - North 50 West,  Three syoelinal

tronghs have been developed, 'Whe most southerly of the three

extends from the headwaters of Willaps River northwesterly to

Gerays Huebor,  The south b ovesbing vpon Fovene basalts, is

eonipased of sandy shales anld sandstones which near the town

af Willapa have o stvike nearly north and seuth and o dip

varying from 10 o 20 to the ensle Burvey teaverse lines

were shnde up Ml Creek and the data ollained bas been platted
upon Plate L The strata have an average strike of Norih
60 West and a dip of 20 to 30 to the northeast.  Nearly
all the by rocorded bet ” | Franei
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east.  Observations made on the same b along North River
in Township 16 North, Range 9 West show prevailing strikes
of North 60° West and dips panging Drom 18 1o 84 ko the
.suuthwt-stf_

A serond synelinal trough trends from the hendwaters of
ping al very low anpdes Towards the avis and the brongeh dlsodf
is pitehing to the north.  South of Chehalis River in Township
15 Novth, Hanees 7 and 8 West, the strato beeome noarly ot
and Bually devilap to Tour annor shart folds all brending
northwiesterly.  The eastern limb of the main trough oy he
cub aff from the underbving basadts by o fanlt brending disoon-
ally weross Township 16 North, Hange 6 West

To the pocthwest of Monfesano the Oligoeone s fairly well
exposed by plaeve wnd while the steata ave not shavply folded vet
there are undulabions which miny be debmitely braead o anti-
clinal and synelingl trodghs. Phe postbions of these Tolds hase
been designated apon Plate 1L

Outeraps wre woll expased along Hie =W ROR & N U
frack hetweon Douth Blne and Cosmopoliss Dhe sleata velvd
ate prosumnhly of lower Miocene age but they arve grouped with
the Clallam formation on Plate HE  Aboul theee miles cast of
South Monbcsane an anlichae cvosses Chehabis River trouding
North 58 Wedt, Banosures of the porthesstbon thank o the
O-W, R R. & N. Co. cuts strike North 500 West and dip 15
to the novtheast. . In the soutlveesiorn Tiob the dip §s B0 o dHe
southwist,

Three miles west of this anbichne and sonth of Mankeann
Hhe nose of o synelinal trough lias been developed. Tt pitehes
Soukh 85 Bast U the northeasiorn side of B svnelinal nose
Lhe sandstones and shales stvike Narth 50 Wl il i 350
to the couthwist. "Bo the west the steike gradunlly bevones
more westeriy it due soubhoof Montesano i swings nrouwnd ani
Decommes novth and south, with o dip of 30 o bhe onst. It
Grade ents on Clemon's Jopeing rond i Seetions 19 and 9o
Township 17 North, Range 5 West, the average strike is Novth
G0 Wesd amnd the ip ponges Jrom 15 1o 25 te the ntheast,
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P the west of this synelinal axis o nearly pareallel anticling

crosses Chehalis Raver onehalf witle sastof Mélboumie 1 trends

aorthwestorly and then tuens and crosses Wenoochos River two

¥

miles south of its junction with Bitter Creek. Three miles far-

ther west there is a synelinal trough and west of this the upper

Miocene deposits rest upon the Oligocene and lower Mioceny

strata unconformably

A small anticline erosses Wynoochee River in Section 16,

Township 18 North, Range 8 West.  The strata on the north

flank dip at an angle rangmg from 8 to 15 to the northeast

while those on the south flank have a dip of 21 to the southwest.

Abhout one wile south o shallow syaeling has been formed with a

trend of approximately North 65° West

In the southeastern part of Gravs Huarbor County o syn-

clinal trongh has bem developed i the valley of Chelahis River

from Onkville to Elnme B trends Noeth 40 West and pitches

fo the porthwest. The strata invelved beélong to the middle

(ligocene or Turvitella porterensis Zone. . They are resting

tpon the Boeaie basalts which ave exposed at Oakville and in

the Black 1hills. Un the east side of Uhelialis Raver there are

blufts of sandy shale havmg a strike of North 80 Fast and 2

dipof 6 1o 10 {o the novthwest. Thive miles to the north,

on Porter Ceeck: the dip dnereasis to 07 AL this Joeality

Favers of basalt are interbedded with the sediments. . No ossils

aecur and it is neb eertain whether the fonterbedded sediments are

Oligoeene o Focene. "To the northeast the Oligocens deposits

ave eovered with sandstones and shades of upper Mioeene age

e south Heby of the senchine has o prevailivg dip to the north-

cast, although i places as on Roek Creek in Section 17, Town-

ship 16 North, Hange 5 West, it 1s nearly horizontal or undulat

v O T o i Seetions 25 aad Eﬂ‘ Townshi

gt

ov e Oligocene.
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A smndl Bsalated exposuee of lowernioit Uligodens ovenrs

i sauthwestorn Thurston and narthaasbemn Lowis connties

e aven b designated upon Plate T s e Lancoln Formas
b, More recent stadies sinee the completion ol the maps

haxe proven Lhad the Lineoln formadion 5 lowermosd Ol

vene and represenis the Molopophorous Tneolneisis Zone or the
Lineoln Horzon. . Uhe deposils are ad Jeast B0 et thek

and e velved o povthwesterly beending shallow Beougly
Observations takew on the strike s dip bebween Lincoln Uresk
wd Thelsing Junction show o previiling dip vaaiging Teom b7 1o
12 to the southuest. . AL g poant three miles above the month of
Lancoln Creok the steate are dippmg to the portheast. Por
suie ihsbaner wodd of Heliing Junetnom the pradinminant dip
18 fo Fhe cast and portheast, ad angles rangmy from G0 1o 40,
The approsimate position of the axis of this trongh has heon
desigiatod upon Plate 1L

A swidl cxposare of sandy shale secirs 1 e banks of

Olegua Crock two males sonth anil west of Winloek.  The Tossls
colleeted belong to the Molopophorous lincolnensis Zone,  'The
strrestinding country i deeply buried with oravels and sund sl
thie ek of cutace ok onterops provents aveal nmpping. The
strata hiave an average strike of North 20 West and a low dips
to the northeast,
COLUMIHA RIVER AREA
BEGRIATI BISTRIBUTION
Fhe Oligoecne and lower Miocene deposits have boon mapped
as the Chadlam formation in this arca. With more detailed ok
stidies fn the future G0 may e posaible By make d separation
These deposits ocenpy a belt along the north side of Columbin
River roughly 45 wiles in length by 10 miles in width,  The
wlb extends neoa poarly cast t

of

o west divechion feom the oeean

At storn
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northern contact s been drawn two miles north of the mouth

.

of

vasel River at the base of the basaltie ridge.  Oligocens

shades outerop at the mouth of the river and Wl varions points

along its conrse.  Basalts also oceur along the river at certain

poits.  One of these is in Section R0, Township 11 North

Range 8 West in a deep canyon. The rock is an agglomeratic

tuff with infercalated narrow tongues of lavie. The lavas have

heen mapped as Eoeene and the sedimentary rocks as Oligocene

on the husis of faunas. Just above the mouth of Alder Creck

there ave a few poorly preserved fossils oceurring in the tulls

which may be Oligocene,  The Eoeene-Oligocene contacts have

boen Joeated on hath the left and mamn forks of Gravs River as

will s om Skamokawa and Alockaman vivers.  Marine GOligo-

comne fossili oeenr i Section 6, Township B North, Ranpe 4

West, on the west braneh of Abernathy Creek. . Sedbnents of a

siiilar chavacter eontaining o shitlae fauna occnr on Germany

Creck, soven miles from its mouth.  Doubtless small patehes as

vl updetected exist Tarthor to the cast

Fhe south vondaet of the Oligoeene and the underlyving b

sty crosses Alockaman River w Section 2, Township 9 North,

Hange 5 West, A nariow bell of basall teends parallel o

Calibin River fron Bkamokawa to Albeena.  The vontadt

sith the Oligoeme sediments on the north s mdelingte. 1 ois

e part comphieated by faultmg

Missive eliffs of basalt form the eape at the north entranes

bo Columbin River.  Stratigraphically above the basalts are

Bufls and anterbedded shales containing lower Oligocene fossils

At Fort Columbin opposite Astoria, massive tufls are exposal

forming the core of an anticline.  Shales and mnssive sandstones

vist wpon them. . These arve presmnably. Boesne bk po Fossils

found to prove their age.  They may pe v be inter-

it

vy Bay.
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ottterops on the north shore of Columbia River in Sechion 11,
Township 8 Novth, Bange 3 Wesh,

Bealte oveiy nfercadatod wath the shndes and sanstongs
Bxposed ot the south end of Long Tsland in Shoalwakor Bay as
well us along the shores of Long Island Slough,

The Ohgocene formations exposed e Fhis area comist of
ninssive sandy shales, and interhoeddid narrow bands of shale and
sandstone. Some of the shale bule ave thinke beddad and oo
castonadly calenveon,. Bast of Kuappton on the novth shore of
Columbia River sl nodulios oeeur in e shade bands. Theee
are decidedly calearvons and usually contain at their centers o
small fossil or pebble.  The surlace rock exposures are asually
deeply albored and-olten eotircly converted bo sl

GEGLOLIC STRECTURE.

The Obgocaie amd lower Miscene strata of His aren have
Leen folded inte a teough-Uke basin exbending nearly east and
wesh - Within thas troagh subsidiary antichinal and synebingl
Fodds b beon devilopud adl of whieh Dave o prevailing northe
west o southeast trenad In Wabkiakin awd Uowlitz counties
Hhe axes of the folds have an avernpe trend of North 60 West
To the west 3n Paeille County they swing more to the nortle
wesk, A examination of the el alone the novth shove of

Colunibin River indicates aosynchine to interseel the shove
Seetion 1, Township 9 Narth, Range 9 Wit “The intervening
nred porthward to Nasel River ix barren of outerops of such
character that observation on strike and dip can be oblained,
The syocline probable erosses the river in Bection &, Tawnship
10 North, Range 9 Wast,  From observations Laken along the
store ol Colinbin Wover west of Ronpplon ae autichne seoms b

exist with u novthwesterly trend toward Shoalwater Bay,
An examination of the small ereeks emptyving into Wallieut
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CHAPTER V.

MIOCENE FORMATHONS,

GHENERAL STATEMENT.

Reeent faunal evidence indicates that a part of the deposits

of western Washington formerly regardid by the wiiter g

lower Mioeene are an reality Olizocone.  The oxtrome apper

portion of the Clallum formation s designabed upon Plate 1Y

s characterived by the Aven monterevana tainae The term

Clallang Formalion is pow restricted o the Oleocone and the

Area monterevang Zone or Wahikinkum Horvizow i retamed in

the lower Miugeene

Whewe 8 g marked uneonforunty bhebween the formations of

the dower wond upper Miseesne. TPhe forowr oecur i Clallog
Connty between Pesht and Clallane Buy as well ws o Gravs Hae

bar County bebween Montesano and Cosmopolis. Expoesures also
are present n Wabkinkom Uounty on Mockaman River tuilee
miiles noeth of Cathlomet, The upper Alipecne deposits are cons
tied o the Gomvs Hevbor sewion wd a smadl aren i seuihe

wostern: Clilbun County nenr the nwuth of Quillavote River.
The total maxipum thickness of the Miseene sedininds is pot
avier 000 foed,

LOWER MIOGUENE

GBI HAPILG TIRTRIDITION

The massive sandsbones and shales outeropping slonp Hhe
shore af the Bleadt of Juan de Foea bebween Pyslid and Cladlam

Bay vontam a Paona distinet from the older Ohigocene Lunas
ms well Tronn the vouneer upper Miocine faungs. The voeks are

prodominantly nessive hrownish avay sandstones whiel i places
heeome arits or conglomerates. They exhibit distinet eross-bed-
ding and give the appenrance of having been deposited partly
i the forng of sand dunes. . Carbonaceous bands ocotir occasion-

ally. In Seetion 85, Township 32 North, Range 12 West n coal

seam i4 interhedded with the mmssive sandstones and Bas at

Formmer tinies hoon workod on a commeraial senlee "Dhe Biwer Mioe
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cone deposits of this area were largely formed under shallow

water eonditions

The lower Mioeene of the Chehahis Valley between Montesano

and Cosmopolis is predominantly composed of massive sandy

hindes and shaly sandstones.  They contan deeper water marine

aunas than at Clallam Bav.,  The struetural eonditions oe

curring in this area have been deseribed in the diseussion of the

Oligocene.  The lower Miocene sandstones and shales outerop-

ping on the banks of Alockaman River in Wahkiakum County

have also been referred to and deseribed in the chapter on the

Oligocene.

GhOLOGIC STRUCTLRE

Seven anticlinal and synelinal folds have been developed in

the sandstones exposed between Pysht and Clallam Bay.  One

mile enst of Pyshit River an anticline trends North 15 West,

The strata in the eastern lhiob strike Norvth 10 West and dip

55 to the northwest  Disediitely west of thid Jocality and

east-of the Bluff at the mouth of Pysht River. the strike is

Nortl 220 Fast and the dip 757 northwast

At Pillar Point there arve massive sandstones o which a

sharp syuchnal fold has been devélopid. . The castern limb af

Pillar Point stauds nearly vertieal aond Do pliees §s cven overs

tarned.  Abount one and one-half miles west of Pillar Pount a

shallow antieline has been formed with a northeasterly trend.

Phe two by are each dipping away from the axis al angles of

15 . From this point westerly to the northwest quarter of Sec-

tion 81, Township 32 North, Range 13 West, the dip eon-

tinnes westerly but inereases to 607, At this lecality there is

a closely folded ayneline with a northeasterly trend.  Both limbs

dip 45 to the axis. Filteon hinudved Feel west the same steala

are folded to an anticline on the township dine bebween ranges

Cthie O
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castern fimb strikes North 260 East and dips 15 to the porth
wosk, while the western Tuab trends Nowth 750 West aad dips
to the northeast ab an angle of 80 . One nile west, Hhe beds
swing and steike Novth 12 Bast with a dip of 200 to the south-
cust,  dinmediately wost the same strata are again folded to
an ankichne and frone it axis west bo Slip Poink the prevailing
strike 18 North 80 West with a northeasteriy dip of 60 .

A complete st of the fanma occurving within the lower
Abiocene 5 included a0 the faunal table of the Qligocene. Bl
following speerss are aneng the mest connnon witlon the Aves
monberevana Aane: dren monteregune Osmont, Uhione secaris
shumard. Piplodanta peribe Conrady Pecten proputalus UCons
vad, Pevten fouconns Amold, Telling wrotate Convuds Ponope
generosa (Gould ), Phaeoldes aoatidinentus (Lonvwl ), Spisule ol
Laria (Uonvad), Tellma pregonepsis. Uonvad, Vewerlcordin
quadrata Dall, Chione olympiden Reangnn, Chione elallamensis
Heapnn, Fieous clallumensis Woaver, € repidule praveapta Cone
vadly Fostous stanfordensis CAmiold), Polywicds soeca (on-
vadl b S scopulosm Conrad, Dentoliom conrads Dall and
Aturin augustota Uonruld,

UEPPER MIOUCESE
MORTES ARG PoRsain
Geographic Distribution.

Fhe Montesann formation consists of un asseinblage of con-
glomerates and sandstones with subordinate amounts of shale
The deposits attain o maximon thickness of 5400 feet.  They
are limited in distribution, being confinnd to two widulv sepa
tated arens. The lieger is situated in the Gravs Harbor region
and for the most part novth of Chebalis River.  The smaller s
in southwestorn Clallam Connty in the vichmiy of the junetion
of the Soeleduck and Bogachiel pivers.  The oxaet areal himite
of the latter are indefinitely defined.

Lithoiogy

The formabion i the Grays Harbor yegion consists of a

thick series of moderntely eonsolidnted conrse oraimed, eross

bedded, brownish gray sundsiones which in places hecome gritty
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or even conglomeratic.  The conglomeratic helts usually oceur

i bhie forni of lenses or tongiies. Phe sandstonesolben wreshaly

and in the canyon of Wishkah River pass into clay-shales. In

the canvons of the two forks of Humptulips River interbedded

HHLETOW hitﬂd\ of shale and santstone are common

In the Quillavute area shaly sandstones and gmtty con-

glomerates predominate.  Shales and sandy shales oceur spar-

ingly. The sandstones are commonly eross-bedded.  No igne

ous materials of contemporancous origin are known to oceur.

Stratigraphy

In the Gravs Harbor area the upper Miocene strata have

a4 maximum thickness of 5,400 feet. In the Cape Elizabeth

spettoir north of the monthof Queniult River the sandstones and

shutles are 8,000 feck in thickness while in southwesteorn Challa

County similar deposits are 1,500 feet thick. Detailed soe-

Fions s those areas are included in thie discossion of sach distriet,

Tn the Grays Harbor aren the basal portion of the section is

largely composed of shale or sandy shale, while the npper part

consists of samdstones and conglomerates, The basal bads

the Queninlt River scetion are chiefly brown shaly sandstones

while the upper beds consist of alternating belts of conglomer-

ates and sandstones containing large fragments of carbonized

woad.  In the Quillavode area the basal beds ave conglomeratic

and the upper skeata more sandy or shaly,

Fauna

In the Gravs Harbor arvea there 15 voey hittle varmtion i

the genvral ebaraeter of the fauna from the base to the top of

the Fermabion. The basal beds were deposited i somewhal

decper water and contain some speeics which are absent from the

shallow water deposits pear the top. The tlupusxts uutwnnpmg

nmth of the muut 1 of l,gtwmuit l‘h

mwum Zone

cnring wuﬂwn Hw upper Miocene b
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vopdon.  In other words but one fuunal horvizon 38 recognized

wikhin the Monbesano formation. The following species are most

comian e this zone: e trilineate Convad, Cardinm wmeels

sanem Grabb, Macoma astori Dall, Mulinig alta Weaver, Mulinea

undalifere (Weaver), Pecten covsensiy Schumard, Solen sicar

s Gould, Veldia strigata Dudl, drgebuccinum conomani Dall,

Chrgsedomus dmperialls. Dall, Phalbon aequisaleatum Dall,

S scopulosim. Convad and Seatella gubhi Rewond. . Al

the speeies occurring in this zone ave marine fypes

The following table includes a list of the species known to

oecar within the state and the difterint ocalities wheve they

Tinve been found :
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GRAYB HARBOR AREA

Geographic Distribution.  The upper Miocene formation in

the Grays Harbor region lies almost entively north of Chehabis

River and within the drainage basin of Satsop, Wynoochee,

Wishkah, Hoquiam and Humptulips rivers.  From the Hump-

tulips westward to the ocean all of the bedrock formations are

covered with Pleistocene fluviatile deposits consisting of sands

aravels, and elavs. The older Montesano formation, however,

reappears on the Queniult Indian Reservation north of Point

Grenyille and in the vieinity of Cape Elizabeth,

The south contact with the Oligocene is designated upon

Plate L Tts position is only approsimate and has been de-

termimed partly onoa palacentologiend and parctly upen o lith-

aligie basis,  The eastérn contact with the older Pejon basalts

is very indefinite. The bedroek formations are o most places

henvily covered with deposits of glacial daft. Oeensionally

sl exposures of basadt o sandstone ocenr aod 3 35 by trace

g the approximate lings bebween these that the contact on

the map has been deternuued

i &

Uhe north conbaet with the Tejon Dasadt has been definitely

determined ab eovtain pomts as o Hhe eanvons of Wynooehee,

Wishkah, and Huamptulips vivers.  Between these points its

approxinate position has béen deternimad and ocated by an

exinination of the exposures in e smallee eveeks. The eon

tact  presunmbly extends northwesterly and erosses Quoninlt

Hiver near the basalt expostres i the Bumt Hhlls m Seetion

12; Pawnship 22 Novth, Range 11 Wesbe - The western conbaet

hias been dreawn only spproximately and west of i there i no

menns of determining what the underlyving formation max he

Character of Outerops.  The surface topography of the

aren just outhined 5 rolling and

heavily venvered ove

grave Thi
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original pre Plastocene surliee topography was undulabing.
The decper depressions were filled with thicker acennulations
at Pleistocene gravels and sonds. Whare the prisent tivigs
cub peross these arens, as 0 role, bed rock has not as vt heon
itersected, Wihere the rivers have ot ddown into the older
fornations, high blaffs are somebines present.  Ocensionally
the rivers How in deep gorges as in the upper part ol thd Wy
nonctee Valley. Phis & eepoctally broe Parthor novthoan e by
sultie wreas

Stecper blufls are situated along the south side of Chehalis
Hiver and execllont exposures of the Tormadion wmay be sevn i
the railway eufs and exeavations. Tn Township 18, Nurth,
Hangzes & and 6 Westo very bitleoverburden of gravel and sand
wopresento - The typrcal conrse samidstonos ot the Montesane
tormuntions e well exhibnbods 8 laepe purt of the aree has
hewrt logoed off and pomerous vock ends Bave bean made. This
is alo teae where the smaller stranns emplyving into Satsop
River have out down into bed rock.  Almost continnsus ouats
crops may he seen in the logging railrond cuts along Sylvia
Creck north of Montesano,  These exposures papidly pass into
soil after having heen exposed for some tine,  On the west and
viddie anehes of Wishbkah River, good outernps veear iu the
banks of the steenms from the busait contact on the novth south-

wird to Grand Forks.  Often these appeie only g fow feel above
thee bed of the streams amd sometimes ape separated by gravel
wreas s Lhad He Moslesaun formation does et appoar ab all
Similar exposures oceur on Huomptolips River frome Hie basalt
contact in Section a5, Townshop 21 Novih, Ronge 9 Wt wet
erly fo the punetion with the wedt beaneh of fhe same miver,
Frow that poit to Humptulips City the avea throngle which
the Humptulips flows is Hat and gravel-covered and no bedrock
bluffs oecur. One mile south of Homptulips City vock exposures
reappear but feam that peint te its mouth they are deeply vov
vred with grvels and sids of Ploistocene age.

Beginning ab oo point theee miles sast of Aberdonn the Mot
sinn favation suleraps alinodd continuonsty b Hloguian and

DNR-00005210
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Lhe Tertiary Formations of Western Washington 993

bevond i s dhintnnee . Both ot Wishikah ol Hoguinm
pivers have eud theousli it Aboul theoe wibs poetlo ol this belt

the countes mevges into nn undulating Hattopped plain beavily

eoverad with ool Viorn fow Bodesek exposures pecnr i ths

vegion, . On The sauth side ol Chebabie Baver Feom Cosponinlis to

Wik Abeidoon and dor Hhieee mides ol Hhe bseive sands

staies of the Monbesane formation are consplonons. bavther
sovible the combey b henvily Biobered and eovered with gravel
aned sand.

Lithology.  The upper Miveene deposits of Washinpton are
hergely coinposed of piaterids doposited ondor condibions rang
i frow shallow wader 1o thad of aeeborate depih,. Unaies
gramed brownish cran sardstones previil.. Often these beeonie
pritty and Tocadle poss oito a fine conelonerate. Crosshedibing
toehimpacteristic of the sepiese The shales, wlion pesont, aee
pennraily biddad snd aften contan intorealibed Tavers of sud
stone, Uveasionadly had aodoles dre developed dn the sbales
Whie shades ave finecorned and of & Blodsh vy color. Tepieal
snamplos af thie saidslones iy B soin 0 The divad cnts
Hoguinim amd Abendeon, an Svluia Criok baek of Montosane
and o Vanee Creok bibwoon Sabsep and Voo The shadis
shivh aee ol pomient B the lower porbion of Ha sories e
bost dewelopdd on Hhe upper courses of Wishkah Raver. hey
also-oveur o the Huntubips Biver aibiove the janebion ol the
west ol eist forks, on the Bittor

Genlogh Sractere. The prevashing steuetoye which Hhe
sbrata of the Montesano Tovimbion assiime o Hhis ares eonsists,
H eonumon witl fhal south ol Geavs Harbors ol o seviee of
novihwist 1o southeact antichinal and svichinal folds,

Detadod fraverses were rin adong the Humptuhps, Wikl
Kate sl Wovnooehew pivers Phe steatn wore meenred aned the
strikes and dips recorded.  The positions of the anticlinal and
syielinad axes oo been disiooated upon Plate 1L

AE Huoiptulips City ju Seebion T TPownship 20 Noeih, Range

10 West, wn antichine coosses the river, Brending Novth 50
Weet,  On the uorth Bad the shindos ave dippihige sl unelss
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ringing from 60° to 78 to the northeast.  On the south limb

the dip 1s 85 to the southwest,  How far this anticline extends

to the northwest or southeast cannot at present be determined

as all bedroek exposures are obseured by the overburden of

Pleistocene gravels and sands.

In Seetions 1, 2, and 3 of the sane township and range an

anticline trends nearly parallel to the river for two miles and

bears off to the southeast. Observations show it to ent from one

s

hend o

the river to another, Rock exposures are almost con-

tinuous and observations taken on the north b of the anti-

cline show it to dip from 42 to 82 to the north and northeast.

On the south limb the dip varies from 85 to 85 to the south-

east. On both Hanks the dip varies from pomt to point along

the brond of the antieline,  Aboul half way Bebween the twao

anticlines just deseribod a synclinal frough is assumed o exist,

%

No exposires nve present in this veglon and s exact position

and extent cannot be deténmined

In Beetion 20, Township 20 Norvth Hange 8 West an anti-

eline crosses Wishkal River, trending North 500 Weste The

north fank is pitching to the vortheast at an angle ranging

from 30 4o 60 The south hob dips 34 fo the southwest

towards the nxis of o parallel synelive passing theouph the ex

brevie novtheast corner of Seetion 81, same township and vanpe,

South fron this senelmal axas fov a distanee of three wiles, thie

strata arve dipping to the northeast ot angles vanging from 17
2 = Aty

fo 14 In Section 12 TPownship 19 North, Range 9 West an

anticlineg again erosses Wishkah River trending i the same di-

rection. South from ik the sravels and sads beeome thicker

and deeper and bed rock exposures in the river banks are not

SO CONon.

The southeastorn extension ol the last antichne desenbod,

. Wynoochee River in Scetion 28

ontwi
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Sornd glaciad field covers the pegion so Hhiekly that no attanpl
bas heon made toowark ot definile sbivoture do Lownship 18
Novth, Hange © Wesh, exposures are fairly abundant aud the
steatn nre dipping at low angles vanging from 50 fo 15 o
the north.  On the east fork of Satsop River i Seetion 5, Town.
ship B Novths Hamre 5 Wt the sivhe o Novth 75 Wl
i the dip 20 sonthwest. T pissible Hhat o shallow sy
chimal brough trands novthwest o southeast belwern thes fwn
toenditios.

Stratigraphe. The Tollowing stratigrvaphue seetion has by

wivasured Do cxposures ocewrring along the mubille Jock of
Wishkab chver. Phe base of His seetion loe o Bection 1
Fownship 19 Novth, Range 3 West

WISIIRALL RIVER THRAVERSL

fead

IHubde crae dile @ G A G
Lova sl Sndbiion O el b BT
Priowie dsng s gt saeaiete i Tearn e o iag
Bl orocs sl gaddsione Cohii . SnRn
Ao nE e EH e e e B S it Gl
S e e e f
THo vy DalHBD L R s Hih i L
e i G i it e S
Sandarmne wavioonilu b & it
sadieletonie i Daeeil dwe B e i
L e e R R kit
L e Sini
Bl S i o e
Viahhaie i L G e Gl a1

SR s b et

Feal 2 o i g

To fhe povtlvest ju Bhe ower valloy of Quenionll Rivee te
vy Miveone dbeala hace buen Tolded imbe o shallow syneling
brotgh which pitebes imband in o northeasterly diveelion.  Minor
folds exist on the Hanks of Has syneline.  In Section 12, Town

shipe 91 Noeth, Runoe 18 West, i snindl haeal svieline qud anti

cline Bave boen fommed whose adis Diend aortlvast and south
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north of the Cape southeasterly to the hig hend

i et

River in the southeast quarter of Seetion 6. Township 21 North,

Range 12 West. A block of the Hoh formation

oastern side of the fanlt plane v contact with the

lies on the

upper Mio-

cene strata. Bast of the Hoh fault block the Miocene gravels

and sandstones again appear.  The castern por

thi ol the

Queninlt Indian reservation affords no opportunities for de-

Fermining the stenctural conditions of the upper Mioeene strata.

Near the mouth of Queniult River the upper Miocene strata

arve well exposed. From a point about one mile north of Cape

Elizabeth south to the mouth of the river a detailed strati

oraphic scetion s heen measured.  The top of

this section

is located along the shore north of Hie mouth of Hl

weoriver ad

the Base ab the Baalt conbaet novth of Cape BElsabeth,  (Plates

NXVE XXVIL XXVEL and XXIX)
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GUILLAYUTE AREA

Creagraphic Distribution.  Upper Miovene steata onterop

at severnd loenhties in the vicinity of the junction of Hie Boga-

chiel and Soleduek rivers in southwestern Clallam County in the

central portion of Township 28 North, Range 14 West. The

exaet contaet houndaries can he only upprmim:mh determned

us Hhe outerops are few in number.  The greater part of the

country 1s covered with soil and nndergrowth, It is probable

that only one area exists apd its approximate contacts have been

mdieated by broken lines on Map A, Plate IV,

Character of Outerops. The surface outerops ure confined

ehiclly to low bluffs on the banks of Bogachiel and Soleduek

sivers,  On the Seleduek River b Sechion 16, Vownship 25

Novth, Ravge T4 West, suterops of sandy shude and shaly sl

shane peeur which i places ave fossilifevons. . Phese edposures

wre Joeabd on the Lol bank of the strean in elifs about twehve

feet o hetoht and extend For g distanee of 300 Feet.  Thev are

eovered pneanformably with viver geavels and boulders. & aune

her of similar exposures outerop on Bogachiel River in Scetions

27, 28 und 29, same township and range. They ocenr in the

form ol low blatts along the banks of the viver awd conban

warine fossi] mollusean remians

Lithology. Lhe apper Sioveene stratn-in s vegion nre

entirely of sedimentary orvigin and were deposited in a marine

embaynient.  They consist of sandstones, shaly sandstones and

sandy shindes. Uhe sandetinie 18 very compaet, mediam weained

aid whent upweathered of LHaht srav color. 1B Bl and ree

sistant to weathering,  The shales are of a brownish gray colar,

somewhal pissive and weather in angular fragments. They e

not hard, hot rather tough. Oceasionnl greavelly or gritty lay-

ersoor lenses sow interbedded. - The Uuekness has notb been
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Geoloie Strueture. The upper Misccne us eepresented
thiis region vosts uneonformahily upon the Hob Tonnation,  Ohe
sepvations taken upon oiterops along Bogacliel River show the
prevailing steike to be approximately Novth 70 Wed sl the
dip 100 to 15 fo the northeast.  Obiservations taken on Sole
diek River indieate s shuilue sbeike with oo verey low dip o the
soutli.  Npparently these steata have boen folded 20 as to cone
stitute u <hallow syuching with an axic trending o little north
af west. The aven now exposed prossnnbly copresents only the
somudizad of g Formerly minel move extosive deposit. 11 e posa
Bl Bhat siiadl pabelios nay et Burther 1o Bhe novth whieh o
B have csenped debectine. Bl connley s s and it and
auferops are fow,

Thiese sediments were depostbed g basin or inidd from the
s which was developod ab sonie B atter the il M
come motntain makme wovenpnts had baken place, e sns
apparently were nob diep ad sy bime so only slndlow waler
speeies of iollises wre fotd. The elimate us mterpreted by the
types af il prsent was coldor thaa during the lower Muoeene,
Tt swus paendebile vory shilan to that of the prosont thoe,

Foana. Tl Fanpn consiste of 20 apevies of Pelecvpods and
Ceastorpods. Noarly all of these wore collecied from lovalits
nambers 1L 1390 VI8 408 sl 1150 The bivsest collection
came front e Blafls on the south side of Boguehich River in
Svetion 880 Downshin 28 Noeth, Raneee 1E Wt whose sl
croek epters the viver from the sonth.  Along Hhis Bluft 15 the
obd shawndonad channel of Maswell Crecl The o Fa
some distanee up Maxficld Creek are ot part of Hie upper
Miocene but rathor of the Hoh formation.  The following fauna
were eothelad from thas loeulity

PRI PO AR HIG g

b vk G Gt vetioee boaolie s loagan
i L |
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Froom A-—1lpper Miocene Sandstones Looking South Froap Cape
Blhizalieth Toward Queninlt Hiver,

Fletie Boslpper Miocene Shale Looking Novth From Point Gren-
ville Towards Queniult River,
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U1 these the most conmin specios ave Spisula athoria, S prandn
ceebilatormis, { hrpsodomas snperalis, Clonwe. seonnis, lione
meekbanm ol Y oldie strigata,

ssangl LML RGBT

Chaberops b peanodionte are exposed of He surbaee ol pany
}mir‘zlri dothe weatien tonthal ol e Laeades *]‘3“:}‘ Winon
fneh doded ot ap poar the elese ot the Jdarasiie poriod il
part dornig B liter portion of the Mioecne epocin. The Tovai
bawe been dhserthad e e bndes eranodiarites. e Loy e
Cxpsed B vastern King Coubty e the valloy of spoquadig
River. The Bills betwesn the novth ad south forke of b
e Hiver aee Beaely commosed of sranodiories whiel are
Bibrusive inbo g serws of quavtzites and sehiists of proswnnhlc
sarly Mososaie g, Sindbar vocks vt o L sonth of tle
st fork of Sioguadnie Hiver s far as Hhe erest of the divale
with Cedar Hiver. Alone the wall of Cadur Hicor Yalley bhe
wravodiorites aie capped by Hows of sndesite il deposiia ol
full of enorions thickness,  Exposuris of granodiorite oveur
almost continaonsly from North Bend ewstorly to the erest of
thic Casende Mountains.  Near the headwatess of Saogqualnio
and Codar pivers the granodiorites have heen studiad and map
pod by v UL s Geolopieal Supvey and aee desienated o bhe
Shoguahnie Folio as the snoqualinie gvapodioride®  They are
believed to be of Lite Miocene age. On Hhe basis of sbidivs mado
Hy bl eegion i oon bhe fael thad areal sxposures of the sume
tormntion can be fraeed continuonsly from the border of the
Suogqualnine Folio wesborly 1o Hhe jomction ol he sopth ol
middle forks of Snoquahoic River, the granodioriles of this
eegion are resnrded s of upper Miveene dgre and a pard of the
Snugualnie aranmbiveiie

A Held examination of the granodionite shows a considerahle

i i
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with the overlyving sehists and quartzites.  Away Trom the con-

tact the rock possesses a somewhat uniform chavacter. It s

medium grained und composed of biotite and hornblende witlh

plagioclase and minor amounts of quartz. Under the microseope

the rock s seen to be lavgely composed of plagioclase of the

oligoelase variety and biotite. Orthoeluse is present in subor-

dinnte amounts.  Quartz is clear and glassy and forms on the

average about 104 of the total content of the rock. Green

hornblende is fairly abundant but subordinate m amount to o=

i

e

. Small prisms of aputite and oceusional crystals of tita-

nite are often present.  Exeept when unduly exposed to weather-

mig the rock as a whole is comparabively frosh

ENTMULAW. VOLUaNIC - SERIS,

Geographic Distribution

I eustern Saohonsh, Kmp and Pieree counbies there are

extensive acenmulations of lova and bl pesting uneonforably

wpon older quarizites, sehists and granodiorites, as well as the

Focine and Ohgocenc sedimentary fornmdions of Hie wasbir

purbion of e Poget Sound Basin,  They actount in pavt Tor

the somewhat steep escnrpments along the western Toothills of

w Casende Mountains.  In King County the estusrine Bocone
the ( 1o Mountai In King County the estuarine Focen

deposits suterop woneardy all the river and eveck canvons as

far easl s the wostern eseavpment of the Caseades where they

iisppene beneath the ovas and Bills. This sonbicet extends

rotn Fall Ciby seutherly along Baging River o Barneston and

henee adong the Novthesn Pacitie Railway to BEoonclaw and

Carbon River. Residual patehes of dava ovcur o vany places

to the west of the contact,  “Uhe povthern boundary of this vol

vanie aren exbends Trom the fown ol Stogqualiie southeasterly

along the vast wall of Snogqualimic Yalley 1o the foot of Rattle

sunkie Lodee noar the town of Cedar Falls snd thenee ap the

forkhern sideof Cadir River Vallovo Somilar Tavas are exposid

on the south side of Bkvkomish Valley in Snehomish County ag

far ns the eastern margm of the Puget Sound Basin. Lo south-

ern- Pierce and m Lewis comities the bvvas are exposed to the
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sauthwest ad are someties dificult to separate from the e
cene voleanie Hows especinlly e those arcas where glueind dee
posits are axfonsive

Lithology.

Roek exposires are often exhibited o the vueged and stoep
eliibe adonge the cntivons of the vivers andd evecks flowing weslerly
Eheouph the Casendus, 'Uhe basal portion of the Bormukion may
b seen B sl evovks one mide south of North Band. Grean:
odiorites and quartzites fornn the outerops up to elovations of
approximately SO0 foot. Above the srapodioiites ave Hows ol
baudbe nltered basic wdesite. The lower Hows are somowhat
porphyrtic although the crystals are usually sowdl. A wa-
croscopic exasnation of the fresher materinl shows the pres-
onpeof e libraderite together with sugite and miner
amontits of bhornblende,  The higher Hows vxposed i the ridge
oeetie on the top of Rattlesuake Ledge and are pitching to the
sonthweet ol o aoele of 300 Thoy range in ehigactor From
4 vesieudnr vork 1o a beesive sealomerate. Uhe soviral phases
are inberbeddad as hande of varving thickioss, . Bxecllont oute
crops of the bivas may b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>